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Abstract 
 
The aim of this study is to simplify the issue of the concept of heritability, to give an 
introduction to the behavioral genetic theory and methods, as well as to give an overview of the 
current knowledge about heritability of personality and the quantitative and molecular genetic 
approach to estimate heritability. Following that, results on heritability of personality are 
summarized. In addition, we reanalyzed all available behavioral genetic studies published before 
2010, which were included in Vukasović and Bratko (2015) meta-analysis, to estimate the 
correlations between different family members: 1) monozygotic twins reared together; 2) 
monozygotic twins reared apart; 3) dizygotic twins reared together; 4) dizygotic twins reared apart; 
5) mother and offspring; 6) father and offspring. Estimates of the family resemblance for personality 
were .54 from intraclass correlations for twin pairs reared together, .45 for intraclass correlations for 
monozygotic twin pairs reared apart, and .26 and .28 for familial aggregation. This finding is in line 
with the conclusion of the previous meta-analysis, which showed that the study design is a 
significant moderator of personality heritability, with twin studies showing higher estimates 
compared to family and adoption studies. Following that, findings from molecular genetic studies 
on personality and from gene-environment interaction studies are summarized. Finally, 
recommendations for future studies are given.  
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Personality is "One of the classical 'chapter heading' words in psychology. That 
is, a term so resistant to definition and so broad in usage that no coherent simple 
statement about it can be made …", says a witty but truthful definition in the form of 
a dictionary entry (Reber, 1995, p. 555). One more serious, but equally truthful 
definition, says that personality can be conceptualised as: "the set of psychological 
traits and mechanisms within the individual that are organized and relatively 
enduring, and influence his or her interactions with, and adaptations to, the 
intrapsychic, physical, and social environments” (Larsen & Buss, 2014, p. 4). 
Obviously, there are many personality definitions and a lot of personality theories as 
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well. The reason for that is simple – personality is a complex concept covering many 
behavioral (sometimes not only behavioral) phenomena. One of the most 
fundamental questions in personality psychology is related to its etiology. It is 
reasonable to assume that complex behavioral characteristics have complex etiology, 
or, in other words, that personality development and individual differences in 
personality characteristics are a consequence of a complex interplay between the 
genes and the environment, and between genetically or environmentally guided 
processes. Even if we approach personality only at the structural level (i.e. as a set of 
hierarchically organized traits), like some of the behavioral genetic studies do, there 
is still a lot of room for complexity and ambiguity. For example, in different 
personality theories, personality structure is organized so that the same or similar 
lower level concepts belong to different higher order personality concepts (named 
factors, dimensions, or domains). Sometimes 'factors', which have the same or 
similar name, actually have different content and, vice versa, sometimes the same 
content is hiding under a different label. This can introduce some ambiguity into the 
interpretation and the understanding of the behavioral genetic findings, which are 
essentially based on the covariation between measures of personality and genetic 
properties of individuals in a particular group or population. For example, the genetic 
effect on impulsivity would contribute to the genetic effect on extraversion if we used 
Eysenck's original, unrevised theory (Eysenck, 1967) operationalized in Eysenck 
Personality Inventory (EPI) as a measure of personality, or to neuroticism if we used 
Five-factor model operationalized into NEO-PI-R as a personality measure (Costa & 
McCrae, 1992). Similarly, the genetic effect on shyness may reflect the genetic effect 
on extraversion and neuroticism since both extraversion (negatively) and neuroticism 
(positively) correlate with shyness. Complexity, although not always recognized, 
exists on the other, "genetic side” as well. Gene expression is a complex issue 
dependent on the different processes at the molecular level, but also on the 
environmental, and even cultural level (e.g. see Chiao & Blizinsky, 2010). However, 
the aim of this article is not to add to the complexity. The aim is rather to simplify 
the issue and give an introduction to the behavioral genetic theory and methods, as 
well as to give an overview of the current knowledge about the heritability of 
personality. 
 
Concept of Heritability 
 
Heritability is a parameter of the population. It is not a property of any particular 
individual and, similar to the other population parameters like arithmetic mean or 
correlation, it can be used in order to describe the phenomena and its relations or 
effects at the population level. Technically, heritability could be defined as a 
proportion of the variability in some observable characteristic that is associated with 
the genetic variation in population (Plomin, DeFries, McClearn, & McGuffin, 2008). 
If we apply this reasoning to the personality variations between individuals, then we 
can say that heritability of personality refers to the proportion of the variation in 
Bratko, D., Butković, A., Vukasović Hlupić, T. 
Heritability of Personality 
3 
personality that is associated with the genetic variation between individuals within 
population. Therefore, in order to understand the concept of personality heritability, 
the key issue is to understand the concept of individual differences, which is 
statistically described with one additional population parameter – the variance. 
 
Variance: Phenotypic, Genetic and Environmental 
 
People are different. Some of them are tall, while others are short; some are 
generally healthy, while others are more prone to diseases in general or to some 
specific disease; some are stable, while others tend to overreact in stressful situations, 
etc. We can observe individual differences in a large number of observable 
dimensions. One of the fundamental questions that we want to answer is how to 
explain individual differences, or to what extent are these observable differences due 
to underlying genetic and environmental differences between individuals.  
The characteristic of an individual, which we observe is called a phenotype. 
Phenotype is a broad term for any characteristic of an organism that can be observed 
and, therefore, measured and analyzed. However, in psychology we often study 
behavioral characteristics or, in other words, phenotypes that are expressed in 
behavior. Personality is also expressed in behavior and therefore personality traits 
can be considered as behavioral phenotypes. Behavior genetics, as a scientific field, 
is grounded on the idea that behavior, as a phenotype, can be analyzed with the same 
theories and methods as any other (i.e. anthropological or biological) phenotypes. 
Genetic characteristic of an organism is often labeled with the term genotype. 
Genotype is expressed in the phenotype. However, it is important to understand that, 
although a genotype may be fully expressed in a phenotype, it may also be expressed 
only partially or it may not be expressed at all. The gene penetration may differ for 
different genes, and is sometimes dependent on the very complex process regulated 
by the environment or other genes. Let us assume that someone possesses the 
genotype, which contributes to the development of depression as a reaction to 
stressful experiences. If those persons live in a stable and predictable environment, 
their genotype may never be expressed in their phenotype. However, in order to 
understand the concept of heritability, we must change our focus from the individual 
level to the level of individual differences in the population.  
Behavior genetics is a scientific field focusing on identifying the genetic and the 
environmental sources of individual differences in behavioral phenotypes. In the case 
of personality, the goal is to understand individual differences in personality. 
Therefore, behavior genetic studies focus on the phenotypic variance of the trait of 
interest. We know that distributions of the behavioral phenotypes are usually 
continuous - so called bell curved, Gaussian, or normal distributions. The basic 
assumption of the behavioral genetic theory is that phenotypic variance in the 
population may be divided into the genetic and environmental variance, which may 
be combined linearly: VP = VG + VE, where VP, VG, and VE represent phenotypic, 
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genetic and environmental variance in the population, respectively (Plomin et al., 
2008). Of course, theory allows for, and behavior genetic studies may focus on, some 
other types of interplay between genes and environment (e.g. genetic and 
environmental correlation or interaction), and even on the moderation of the 
heritability estimates by some third variable. The truth is that, although we usually 
measure phenotype very precisely, we actually do not have direct measures of the 
genetic and environmental variance in the population. For that reason the heritability 
estimates come from models in which we measure phenotypic similarity of the 
special groups of individuals, who share the genetic or environmental variation to the 
known degree. For example, we can use individuals who are more or less genetically 
similar, or individuals who shared or did not share the environment to which they 
were exposed during their development.  
Individual genetic effects in the population may be combined in additive or non-
additive way. Additive genetic effect is a result of the linear combination of the 
individual genetic effects, while non-additive genetic effects include some form of 
non-linear combinations of the genetic effects, e.g. dominance, which is a 
combination of the genetic effects from genes that are located on the same locus on 
the chromosome, or epistatic interaction, which is a combination of the genetic 
effects of the genes that are located on the different locus (Plomin et al., 2008). 
Therefore, total genetic variance in the population can be divided into additive and 
non-additive parts: VG = VGA + VGNA, where VG, VGA, and VGNA are hypothetical total 
genetic, additive genetic and non-additive genetic variance in the population, 
respectively. Since theory differentiates additive and non-additive genetic influences, 
we can also differentiate two concepts of heritability. Broad-sense heritability 
includes both additive and non-additive genetic sources of influence, while narrow-
sense heritability represents only additive genetic influences. These different types 
of heritability estimates are not only theoretically relevant, but are of practical interest 
as well. Only additive genetic effects will run in the family or, in other words, will 
be passed on from parents to their offspring, because offspring inherit individual 
genes from their parents. They do not inherit a package or a particular combination 
of genes. Therefore, although a non-additive genetic effect may contribute to the 
individual differences in both parents and offspring, it cannot be passed from one 
generation to another. The non-additive genetic effect may occur in each generation 
from the configuration of the individual genes as a result of probability laws. In the 
studies of plants or animal breading, only additive genetic effects are useful for 
selection of a desired characteristic of the species. However, in behavioral science, 
we do not use selection in that way and, from the behavioral genetic perspective, we 
can safely say that the broad-sense heritability is more important than the narrow-
sense heritability.  
Environmental part of the phenotypic variance can also be divided into two 
parts: VE = VES + VENS, where VE, VES, and VENS are hypothetical total environmental, 
shared environmental and non-shared environmental variance in the population, 
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respectively (Plomin et al., 2008). The concepts of shared and non-shared 
environmental variance are derived from their effects on the individuals. Shared 
environmental influences contribute to the phenotypic similarity of individuals who 
are exposed to the same environment, while non-shared environmental influences 
represent unique influences, which do not contribute to the similarity of different 
family members. For example, if we consider only family environment, obviously 
the same specific environmental factor (e.g. parental affection or control), may be 
either shared or non-shared, dependent on its contribution to similarity or differences 
of the family members. Of course, sources of environmental influence may lie 
outside the family environment, e.g. in peer group influences (see Harris, 1998; 
Plomin & Daniels, 1987). 
 
How to Estimate Heritability: The Quantitative and Molecular Genetic 
Approach  
 
Behavioral genetics as a field is comprised of two, although related and oriented 
to the same goal, quite distinctive methodological approaches. First approach 
includes quantitative behavioral methods, which are logically grounded on the 
examination of the genetically or environmentally informative groups of individuals. 
Second approach includes molecular genetic methods, which examine DNA directly 
and relate individual differences in DNA with individual differences in behavioral 
phenotypes. 
The logic behind quantitative behavioral genetic methods is quite simple and 
includes few steps: (i) finding individuals who share genes or environment to a 
known degree; (ii) measuring their phenotypic similarity; (iii) searching for the 
model of the genetic and environmental influences consistent with the observed 
phenotypic similarity; and finally, (iv) estimating the degree of genetic and 
environmental influence. Although this idea has many variations, we can 
differentiate between three basic groups of quantitative behavioral genetic methods: 
twin studies, family studies, and adoption studies. Of course, various combinations 
are possible (and welcomed), so extended families, pedigree studies, twin/family or 
twin/adoption studies are very useful.  
Classical twin study, which compares the similarity of identical and fraternal 
twins reared together, is the most popular behavioral genetic design. The idea is that 
identical twins are genetically identical, while fraternal twins, on average, share 50 
percent of their genes, which means that the observed difference in their phenotypic 
similarity could be attributed to their genetic difference. Family and/or adoption 
study includes investigation of the similarity of different family members. For 
example, mothers and offspring who live together share 50 percent of their genes and 
100 percent of shared environment contributing to their similarity, and therefore in 
this design the genetic and shared environmental influences are confounded. In 
another example, biological mother and adopted-away children share only 50 percent 
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of their genes, while adoptive parents and their adoptees share 100 percent of family 
environment contributing to their similarity. Theoretically, these different study 
designs should converge to the same conclusion about the heritability and 
environmental influences on personality. Twin/family study combines both twin pairs 
and their family members (parents, siblings, children, spouses, etc.), which allows 
for simultaneous assessment of all possible genetic and environmental influences 
(Keller, Coventry, Heath, & Martin, 2005). This study design was in part made 
possible by the development of modern statistical software and faster computers that 
can run more complex behavior genetic models. However, there is a potential 
problem with this study design as well – it requires extremely large data sets to 
simultaneously compute all parameters because the estimated effect sizes are very 
small. In other words, these type of studies are usually based on at least 10 000 
participants (Posthuma & Boomsma, 2000). 
Developments in biology and genetics throughout the 20th century have led to 
the development of molecular genetics, a field that has rapidly advanced since 1970s 
(Nelson, Pettersson, & Carlborg, 2013). Development of the new molecular genetic 
techniques has also led to new developments in quantitative genetic research, such 
as methods for QTL1 mapping and genomic prediction. Molecular genetic research 
is aimed at the genes or DNA, directly trying to associate differences in genes or 
DNA with differences in gene products (known as functional genomics) or with 
behavioral differences among people (known as behavioral genomics). Two main 
methods have been used – linkage studies and candidate gene association studies. 
Linkage studies use members of the same families to find if those members who 
share the same genetic marker, part of DNA that differs among people, also share 
the same characteristic (e.g. personality trait or, to be more precise, similar position 
along the quantitative distribution of the trait within a particular population). 
Candidate gene association studies investigate a statistical relationship between 
genes or genetic variants and the characteristic of interest, which means that members 
of the same families are not necessarily needed as subjects. In other words, the aim 
of the candidate gene association studies is to identify gene variants important for a 
characteristic of interest by comparing genetic variants between people with and 
without the characteristic of interest. The newest molecular genetic method used 
extensively is genome wide association study (GWAS). GWAS uses DNA 
microarrays (chips) containing probes for hundreds of thousands, or a million or 
more, single-nucleotide polymorphisms (SNPs) that tag common variation across the 
genome. SNP is a single unit of DNA that takes only two values across people. 
GWAS can detect even small genetic effects, but demands very large samples and 
stringent statistical thresholds to adjust for multiple testing.  
 
  
                                                 
1 Term QTL is an acronym for the Quantitative Trait Loci which means Loci (or segment 
of DNA) that correlates with the quantitatively distributed trait as a phenotype. 
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Finally, the Heritability of Personality  
 
As stated earlier, personality is a very broad term and personality psychology is 
a field in which we can find very different theoretical approaches – for example 
psychoanalytical, humanistic, cognitive, or trait approach (e.g. see Cervone & 
Pervin, 2016). Obviously, the most fruitful approach for behavior genetic studies of 
personality are those personality theories or models that use the concepts of 
individual differences, so called trait-theories. 
The majority of behavioral genetic studies are conducted using the Big Five 
(extraversion, agreeableness, conscientiousness, emotional stability, and intellect; 
Goldberg, 1990) or the Five-Factor Model (extraversion, agreeableness, 
conscientiousness, neuroticism, and openness; Costa & McCrae, 1992); Eysenck's 
PEN model (psychoticism, extraversion, and neuroticism; Eysenck, 1990); and 
Tellegen's model (positive affect, negative affect, and constraint; Tellegen, 1982). 
The reason is that all trait theories or models are operationalized with reliable and 
valid measures, which are normally distributed in the population. Thus, the 
straightforward approach for testing the genetic hypothesis is to relate these 
individual differences in personality traits with the genetic similarity within a 
population. All of these trait models include some form of extraversion and 
neuroticism factor, and we can safely claim that these two traits are the most often 
studied traits in the behavioral genetic literature. 
Overall, the results of behavioral genetic studies converge on the conclusion 
that personality is substantially heritable, with the heritability estimate around .40, 
meaning that 40% of individual differences are due to the genetic differences in the 
population (Krueger & Johnson, 2008; Turkheimer, Pettersson, & Horn, 2014; 
Vukasović & Bratko, 2015). However, this is an average estimate. It seems that the 
study design has a significant moderation effect. Heritability estimates from twin 
studies are slightly below .50, while estimates from the family/adoption design are 
substantially lower, slightly above .20 (Vukasović & Bratko, 2015). The reason for 
this inconsistency may lie in the importance of the non-additive genetic effect or gene 
to gene interactions, because family and adoption design estimate only the narrow-
sense heritability. However, it may also be due to some other effect related to the 
twin or family/adoption design. Environmental influences that contribute to the 
personality variability are almost exclusively non-shared between family members. 
Thus, family members are similar due to their shared genes – not due to their shared 
family environment (Plomin et al., 2008). However, biometrical estimates of non-
shared environmental effect are much larger than the effect sizes typically found in 
the studies that use measures of non-shared environmental variables (Turkheimer & 
Waldron, 2000). Fascinating finding is that all personality traits are heritable to the 
similar degree (Loehlin, 1978, 1982, 2012). Formal testing of the differential 
heritability hypothesis in a meta-analysis indicates that there is no evidence for that 
effect (Vukasović & Bratko, 2015). Overall, research of familial resemblance on 
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personality traits is very consistent. Correlations of identical twins always exceed the 
correlations of fraternal twins, and although very low, correlation of parents and 
offspring are always positive. It seems that quantitative genetic findings in 
personality domain follow the universal pattern which is observed for other 
behavioral traits, formulated in a form of behavioral genetic laws (Turkheimer, 2000, 
p. 160): 1) all behavioral traits are heritable; 2) the effect of family environment is 
smaller than the effect of genes; and 3) substantial portion of the variance is not 
accounted for by the effect of genes or family environment (see also Turkheimer & 
Gottesman, 1991). 
In order to estimate the familial resemblance for personality, we reanalyzed all 
available behavioral genetic studies published before 2010, which were included in 
Vukasović and Bratko (2015) meta-analysis (see Table 1). In that study the meta-
analysis of heritability estimates was performed. Thus, the input effect sizes for the 
analysis in that study were independent heritability estimates from all of the available 
individual behavioral genetic studies. Here, we used the same population of studies 
to perform meta-analyses at the level of familial correlations. Thus, in this analysis 
the input data were familial correlations from the individual behavioral genetic 
studies. Thus, six separate meta-analyses were performed in order to estimate the 
correlations between: 1) monozygotic twins reared together; 2) monozygotic twins 
reared apart; 3) dizygotic twins reared together; 4) dizygotic twins reared apart; 5) 
mother and offspring; 6) father and offspring. 
Estimates of the family resemblance for personality are presented in the Table 
2. The intraclass correlations between family members in each individual study 
represent the effect sizes in these meta-analyses. We calculated two estimates for 
each effect size: (i) average correlation, and (ii) weighted average correlation, with 
95% confidence intervals. To report the weighted effect sizes, we conducted six 
separate meta-analyses. A detailed description of the meta-analytic process, 
including (but not limited to) literature search, inclusion/exclusion criteria, coding 
procedures, and data analysis, can be found elsewhere (see Vukasović & Bratko, 
2015). Here, we will only address the issue pertinent to understanding the data 
represented in Table 2. In order to parsimoniously reflect correlation coefficients 
from different study designs, we developed coding procedures with appropriate 
formulas for twin studies and family studies. In studies of twins reared together and 
apart, the procedure to calculate average intraclass correlations from each study 
included three steps, which were: (i) intraclass correlations for each personality trait 
were transformed into Fisher's rz; (ii) an average rz for MZ and DZ twin pairs were 
calculated; and (iii) the average rz for MZ and DZ twin pairs were transformed into 
intraclass correlations and coded as effect sizes. The same procedure was followed 
in order to calculate the average intraclass correlations represented in the first row of 
Table 2. However, this indicator might be biased because the average effect size, 
calculated in this manner, represents a simple linear combination of all primary 
studies' effect sizes. It does not take into account the fact that effect sizes from studies  
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personality traits is very consistent. Correlations of identical twins always exceed the 
correlations of fraternal twins, and although very low, correlation of parents and 
offspring are always positive. It seems that quantitative genetic findings in 
personality domain follow the universal pattern which is observed for other 
behavioral traits, formulated in a form of behavioral genetic laws (Turkheimer, 2000, 
p. 160): 1) all behavioral traits are heritable; 2) the effect of family environment is 
smaller than the effect of genes; and 3) substantial portion of the variance is not 
accounted for by the effect of genes or family environment (see also Turkheimer & 
Gottesman, 1991). 
In order to estimate the familial resemblance for personality, we reanalyzed all 
available behavioral genetic studies published before 2010, which were included in 
Vukasović and Bratko (2015) meta-analysis (see Table 1). In that study the meta-
analysis of heritability estimates was performed. Thus, the input effect sizes for the 
analysis in that study were independent heritability estimates from all of the available 
individual behavioral genetic studies. Here, we used the same population of studies 
to perform meta-analyses at the level of familial correlations. Thus, in this analysis 
the input data were familial correlations from the individual behavioral genetic 
studies. Thus, six separate meta-analyses were performed in order to estimate the 
correlations between: 1) monozygotic twins reared together; 2) monozygotic twins 
reared apart; 3) dizygotic twins reared together; 4) dizygotic twins reared apart; 5) 
mother and offspring; 6) father and offspring. 
Estimates of the family resemblance for personality are presented in the Table 
2. The intraclass correlations between family members in each individual study 
represent the effect sizes in these meta-analyses. We calculated two estimates for 
each effect size: (i) average correlation, and (ii) weighted average correlation, with 
95% confidence intervals. To report the weighted effect sizes, we conducted six 
separate meta-analyses. A detailed description of the meta-analytic process, 
including (but not limited to) literature search, inclusion/exclusion criteria, coding 
procedures, and data analysis, can be found elsewhere (see Vukasović & Bratko, 
2015). Here, we will only address the issue pertinent to understanding the data 
represented in Table 2. In order to parsimoniously reflect correlation coefficients 
from different study designs, we developed coding procedures with appropriate 
formulas for twin studies and family studies. In studies of twins reared together and 
apart, the procedure to calculate average intraclass correlations from each study 
included three steps, which were: (i) intraclass correlations for each personality trait 
were transformed into Fisher's rz; (ii) an average rz for MZ and DZ twin pairs were 
calculated; and (iii) the average rz for MZ and DZ twin pairs were transformed into 
intraclass correlations and coded as effect sizes. The same procedure was followed 
in order to calculate the average intraclass correlations represented in the first row of 
Table 2. However, this indicator might be biased because the average effect size, 
calculated in this manner, represents a simple linear combination of all primary 
studies' effect sizes. It does not take into account the fact that effect sizes from studies   
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Finally, the Heritability of Personality  
 
As stated earlier, personality is a very broad term and personality psychology is 
a field in which we can find very different theore ical approaches – for example 
psychoanalytical, humanistic, cognitive, or trait approach (e.g. see Cervone & 
Pervin, 2016). Obviously, the most fruitful approach for behavior genetic studies of 
personality are those personality theories or models that use the concepts of 
individual differences, so called trait-theories. 
The majority of behavioral genetic studies are conducted using the Big Five 
(extraversion, agreeableness, conscientiousness, emotional stability, and intellect; 
Goldberg, 1990) or the Five-Factor Model (extraver ion, agreeableness, 
conscientiousness, neuroticism, and openness; Costa & McCrae, 1992); Eysenck's 
PEN model (psychoticism, extraversion, and neuroticism; Eysenck, 1990); and 
Tellegen's model (positive affect, negative affect, and constraint; Tellegen, 1982). 
The reason is that all trait theories or models are operationalized with reliable and 
valid measures, which are ormally distributed in the population. Thus, the 
straightforward approach for testing the genetic hypothesis is to relate these 
individual differ nces in personality traits with the genetic similarity within a 
population. All of these trait models include some form of extraversion and 
neuroticism factor, and we can safely claim that these two traits are the most often 
studied traits in the behavioral genetic literature. 
Overall, the results of behavioral genetic studies converge on the conclusion 
that personality is substantially heritable, with the heritability estimate around .40, 
meaning that 40% of individual differences are due to the genetic differences in the 
population (Krueger & Johnson, 2008; Turkheimer, Pettersson, & Horn, 2014; 
Vukasović & Bratko, 2015). However, this is an average estimate. It seems that the 
study design has a significant moderation effect. Heritability estimates from twin 
studies are slightly below .50, while estimates from the family/adoption design are 
substantially lower, slightly above .20 (Vukasović & Bratko, 2015). The reason for 
this inconsistency may lie in the importance of the non-additive genetic effect or gene 
to gene interactions, because family and adoption design estimate only the narrow-
sense heritability. However, it may also be due to som  other effect related to the 
twin or family/adoption design. Environmental influences that contribute to the 
personality variability are almost exclusively non-shared between family members. 
Thus, family members are similar due to their shared genes – not due to their shared 
family environment (Plomin et al., 2008). However, biometrical estimates of non-
shared environmental effect are much larger than the effect sizes typically found in 
the studies that use measures of non-shared e vironmental variables (Turkheimer & 
Waldron, 2000). Fascinati g finding is that all personali y traits are heritable to the 
simil r degree (Loehlin, 1978, 1982, 2012). Formal testing of the differential 
heritability hypothesis in a meta-analysis indicates that there is no evidence for that 
effect (Vukasović & Bratko, 2015). Overall, research of familial resemblance on 
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with larger sample sizes have smaller standard errors of estimate, and thus represent 
a more precise estimate – closer to the true effect size we aim to assess. In order to 
circumvent this potential bias, we decided to conduct six separate meta-analyses.  
Eighty-five percent of all effect sizes included in the meta-analyses were triple 
coded by independent coders (the third author and two additional independent 
coders2). Interrater agreement was calculated to insure the reliability of the coding 
process. Krippendorff's α (Hayes & Krippendorff, 2007), an interrater reliability 
coefficient calculated for coding of effect sizes, was .98 indicated a very high level 
of coding reliability. 
 
Table 2. Results of the Average and Meta-Analysed Intraclass Correlations for Twin Pairs 
(rMZ/DZ), Mother-Offspring (rMO), and Father-Offspring (rFO) Correlations 
 
 rMZ rDZ rMZA rDZA rMO rFO 
Average effect size .48 .21 .46 .13 .17 .14 
Weighted effect size  
(meta-analysed) 
.47 .20 .45 .16 .14 .13 
 [.45, .49] [.18, .22] [.27, .62] [.04, .28] [.10, .19] [.10, .16] 
Legend: MZ – monozygotic twin pairs raised together; DZ – dizygotic twin pairs raised together; MZA 
– monozygotic twin pairs raised apart; DZ – dizygotic twin pairs raised apart; MO – mother-offspring; 
FO – father-offspring. 
 
Results of the six small meta-analyses, represented in the second row of Table 
2, suggest several possible conclusions. First, average correlation coefficients are 
statistically significant, with none of the confidence intervals including zero. Second, 
intraclass correlations for monozygotic twin pairs (reared together as well as those 
reared apart) are larger than intraclass correlations for dizygotic twin pairs. This 
indicates that there is a genetic effect underlying individual differences in 
personality. Third, intraclass correlations of twin pairs raised together are very 
similar to those of pairs raised apart, indicated that sharing family environment does 
not contribute to their similarity. Fourth, intraclass correlations for monozygotic twin 
pairs (reared together as well as those reared apart) are more than twice the intraclass 
correlations for dizygotic twin pairs. This indicates that, apart from the additive 
genetic effects, non-additive genetic effects also play a part in explaining the 
underlying individual differences in personality. Fifth, heritability estimates 
calculated from intraclass correlations for twin pairs reared together using Falconer's 
formula [h2 = 2(rMZ-rDZ)] and intraclass correlations for monozygotic twin pairs 
reared apart (h2 = rMZA), are larger compared to familial aggregation (f2 = 2* rparent-
offspring) estimates (.54 and .45 vs. .26 and .28). This finding is in line with the 
                                                 
2 Four coders were selected as the best psychology graduate students in their class. They 
underwent an introduction course in meta-anaysis organized by the third author, and 
passed the coding training before being included in the coding process.  
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conclusion of our previous meta-analysis (Vukasović & Bratko, 2015), which first 
empirically tested and confirmed that study design was a significant moderator of 
personality heritability, with twin studies showing higher estimates (.47) compared 
to family and adoption studies (.25). 
 
Findings from Molecular Genetic Studies: Which Genes Contribute to the 
Heritability of Personality? 
 
The results of the quantitative genetic studies indicate substantial genetic 
contribution to the individual differences in personality. However, the results of the 
molecular genetic studies, which aim at specific genes that contribute to this effect, 
are mixed and often difficult to replicate. This is in line with the empirical finding in 
the field that, although total genetic effect may be quite large, behavioral phenotypes 
are usually related to many genes which individually have a small effect on the 
variation of the phenotype (e.g. Davies et al., 2015; Hellard & Steen, 2014). Similarly 
for personality, the molecular genetic studies indicate several genes with the small 
effects which contribute to the personality variance (de Moor et al., 2012; Munafo, 
Clark, Moore, Walton, & Flint, 2003; Schinka, Brusch, & Robichauw-Keene, 2004). 
However, the estimate of heritability from these studies is much lower than the effect 
size in quantitative genetic studies. 
Turkheimer et al. (2014) distinguish three phases of molecular genetic studies 
of personality: (i) an anticipatory phase, (ii) a period of considerable empirical 
optimism, and (iii) an extended period of frustration. Since quantitative genetic 
studies of personality have consistently reported that personality is heritable, it was 
expected that molecular genetic studies of personality will find genetic variants 
associated with differences in personality traits. And in the beginning, results were 
very optimistic. In 1996 two articles were published simultaneously in Nature 
Genetics showing an association between novelty seeking measured with different 
personality inventories (TPQ and NEO-PI-R) and the dopamine D4 receptor gene 
(Benjamin et al., 1996; Ebstein et al., 1996). They were quickly followed by the study 
showing an association between neuroticism from NEO-PI-R and the serotonin 
transporter gene (Lesch et al., 1996). These reports were then followed by a series of 
studies resulting in both successful and unsuccessful efforts at replicating these first 
studies, leading to the third phase of extended frustration. A meta-analysis conducted 
on studies reporting data on associations between candidate genes and human 
personality have shown no significant associations (Munafo et al., 2003). A meta-
analysis of GWAS for personality used NEO-PI-R data and information on 2.4 
million SNPs from 10 independent samples constituting a total of 17 375 adults, with 
ﬁve additional samples, with 3 294 adults, as a replication sample. Two SNPs 
showed genome wide association with openness and one with conscientiousness, 
each accounting for a little more than 0.2% of the variation, but effects did not 
replicate on a replication sample (de Moor et al., 2012). All this led to the formulation 
of a missing heritability problem, dealing with the fact that, although quantitative 
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genetic research showed that different phenotypes are heritable, molecular genetic 
research has not found single genetic variations accounting for much of that 
heritability. For example, height is a very heritable phenotype, and a study examining 
it in eight different populations gave estimations as high as 90% (Silventoinen et al., 
2003). However, GWAS trying to reliably associate the published SNPs with height, 
as in most cases, explained only a small proportion of the known genetic variance, 
around 10% (e.g. Allen et al., 2010). Researchers believe that the problem is that 
many SNPs account for that known genetic variance with a very small effect. In line 
with that idea, Yang et al. (2010) estimated the total variance explained by the SNPs, 
without focusing on individual SNPs, and showed that common SNPs explain 
around 45% of the phenotypic variance in height. This method was also applied to 
personality. Vinkhuyzen et al. (2012), using genome wide SNP data from 
approximately 12 000 unrelated individuals, estimated that common SNPs explain 
6% and 12% of the phenotypic variance for neuroticism and extraversion, 
respectively.  
Today researchers agree that personality traits are influenced by many genes, 
possibly thousands, of relative small effect, which means that both (i) samples that 
are larger than the ones used so far, even by GWAS, and (ii) more narrow and 
specific phenotypes, such as subtraits or facets, should be examined in the future. 
Another useful approach could be an investigation of gene-gene (GxG) and gene-
environment (GxE) interactions (Balestri, Calati, Serretti, & De Ronchi, 2014). 
 
Gene–Environment Interaction Studies in Personality 
 
Gene-gene (GxG) and gene-environment (GxE) interactions have been 
mentioned as possible sources of missing heritability (Plomin, 2013). Interactions 
between genes, called epistatic interaction, a form of non-additive genetic effects, 
describe the interactions between genes that are not alleles. As mentioned earlier, 
differences in heritability estimates between different study designs indicate the 
importance of gene-gene interactions for personality. GxE interactions refer to 
statistical interaction between genotypes and environments, in a sense that genetic 
variation is expressed conditionally, as a function of environmental factors to which 
some, but not all, individuals are exposed (Manuck & McCaffery, 2014). GxE 
interactions can be studied at the latent or at the molecular level of analysis. On a 
latent or biometric level focus is on the environmental moderation of a latent or 
inferred genetic risk, while on a molecular level focus is on the environmental 
moderation of the expression of the directly measured genes (Burt, 2008). 
Burt (2008) summarized GxE studies in personality on both latent and 
molecular level of analysis. Three studies examined GxE interaction in impulsivity 
on a molecular level with dopamine D4 receptor gene and found an interaction with 
parenting quality (Sheese, Voelker, Rothbart, & Posner, 2007), hostile childhood 
environment (Keltikangas-Järvinen, Räikkönen, Ekelund, & Peltonen, 2004) and 
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frequency of paternal drunkenness (Lahti et al., 2010). This line of research has led 
to GxE experiments, which test the differential susceptibility model. The differential 
susceptibility hypothesis proposes that in positive environments vulnerable children 
may outperform their peers, who turn out to be less susceptible not only to bad 
environments, but also to optimal environments (Bakermans-Kranenburg & Van 
IJzendoorn, 2007). Recent meta-analysis of randomized GxE experiments has shown 
support for the differential susceptibility model with dopamine-related genes 
emerging as susceptibility markers. The effects of experimental manipulation of the 
environment for the better were much stronger in the susceptible genotypes than in 
the non-susceptible genotypes (Bakermans-Kranenburg & Van IJzendoorn, 2015). 
Studies examining GxE interaction on a latent level have yielded mixed results. 
In a Burt (2008) review one study found significant GxE interaction for impulsivity 
(Boomsma, De Geus, Van Baal, & Koopmans, 1999) and one has not (Krueger, 
South, Johnson, & Iacono, 2008), while for neuroticism two have found significant 
GxE interaction (Jang, Dick, Wolf, Livesley, & Paris, 2005; Krueger et al., 2008), 
and one has not (Kendler, Aggen, Jacobson, & Neale, 2003). Additionally, Lemery-
Chalfant, Kao, Swann, and Goldsmith (2013) have also found significant GxE 
interaction for neuroticism. Finally, two studies have found significant GxE 
interaction for extraversion (Krueger et al., 2008; Lemery-Chalfant et al., 2013).
 Like candidate gene studies generally, G×E findings have been challenged for 
limited replication and vulnerability to publication bias (Manuck & McCaffery, 
2014). Recently, Windle and Mrug (2015) suggested that what is needed as a 
complementary approach to GWAS are hypothesis-driven and biologically informed 
research for GxE interactions. Their study used prior research studies and 
developmental an evolutionary theory to guide hypothesis testing of GxE 
relationships, and their findings supported the hypothesized interaction. 
 
 
Some Concluding Thoughts 
 
Review and the meta-analysis of the behavioral genetic studies of personality 
presented here support the genetic hypothesis without any doubt. Individual 
differences in personality traits are heritable. On the other hand, how important is 
that? Is the precise heritability estimate the most important goal of the behavioral 
genetic studies of personality? One possible position is that, once the heritability is 
established, the magnitude of genetic influence is not so important. Obviously, as 
Johnson, Penke, and Spinath (2011) argue, although the genetic influence on 
behavior is ubiquitous, the size of heritability estimates are related not only to the 
biological reality, but also to the non-biological issues like test-retest reliability of the 
measures, the quantity of the aggregation of a heritable behaviors within the scales, 
or to the frequency of the response which is reflected in variability of the analyzed 
phenotype (p. 256; see also Riemann, Kandler, & Bleidorn, 2011). Heritability is 
essentially the effect size of the genetic influence and it is sensitive to all 
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psychometric factors which may bias the estimate of the effect size in any 
correlational study. However, since there is some "exact number” or "true effect 
size”, which reflects the heritability in a population, we are trying to figure it out with 
our imperfect methods, personality models and measures. Although the heritability 
estimate may not be the ultimate goal of behavioral genetics, the quantitative genetic 
analysis of various behavioral phenotypes yielded surprisingly consistent results. 
Polderman et al. (2015) reported results of the meta-analysis of virtually all published 
twin studies of complex traits. They analyzed 17 804 traits from 2 748 publications, 
and across all traits the heritability estimate was .49, which is exactly the same 
estimate of heritability as is the estimate from the twin studies of personality 
(Vukasović & Bratko, 2015). Obviously, we have very consistent results of the 
studies within the same methods or study designs. However, behavior genetic studies 
of personality conducted with different methods yielded inconsistent results, which 
needs to be theoretically explained. According to our view, two phenomena are 
particularly relevant. First, the results of twin studies are inconsistent with the results 
of the family and adoption studies in a way that twin studies consistently result in 
larger genetic effect sizes. Although this may happen for various reasons, the 
possibility of non-additive genetic effect or gene-gene interactions is theoretically 
the most relevant explanation. However, interaction is very difficult to prove in a 
situation where the main effect of individual gene is extremely small. Second, results 
of the quantitative genetic studies and molecular genetic studies are also inconsistent. 
Overall, the genetic effect estimated from the quantitative genetics studies 
substantially exceeds the variance explained by the molecular genetic findings. This 
'missing heritability' is one of the central problems in the field and it is on the agenda 
for future research. It is important to notice that same phenomena exist for the 
environmental effect size as well. The quantitative genetic estimates of 
environmental effect by far exceed the effect sizes that are typically estimated in the 
studies of measured environment. Thus, we may introduce the term 'missing 
environmentality'. Typical effect sizes in personality psychology are small, as well 
as in other psychological domains (Roberts, Kuncel, Shiner, Caspi, & Goldberg, 
2007), and it seems that quantitative genetics utilizes the principle of aggregation.  
And last but not least, behavioral genetic studies are completely in line with 
other studies in behavioural sciences – they are typically conducted in Western, 
Educated, Industrialized, Rich, and Democratic societies, named WIERD societies 
by Henrich, Heine, & Norenzayan (2010), because they are among the least 
representative populations for the human species. The existing studies of personality 
heritability cover well the populations of Western Europe, North America, and 
Australia, but little is known about the populations of Asia, South America or Africa 
(Vukasović & Bratko, 2015). Since these populations may differ on some potentially 
relevant dimensions (e.g. individualism-collectivism), the future cross-cultural 
comparison of the personality heritability would be welcome. Since we can expect 
that the relevance of the trait concept for the explanation of the behavioral individual 
differences could be smaller in collectivistic cultures (Church, 2009), the plausible 
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hypothesis would be that heritability of personality traits would be lower in these 
cultures. However, at this point in time, there is not enough relevant empirical studies 
to test this hypothesis. 
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Resumen 
 
El objetivo de este estudio es simplificar la cuestión del concepto de la heredabilidad, ofrecer 
una introducción a la teoría y métodos de la genética conductual y dar una reseña del 
conocimiento actual sobre la heredabilidad de la personalidad y el enfoque genético 
cuantitativo y molecular para calcular heredabilidad. Luego se resumen los resultados sobre la 
heredabilidad de la personalidad. Además, reanalizamos todos los estudios genéticos 
conductuales disponibles publicados antes de 2010, que formaron parte del metaanálisis de 
Vukasović y Bratko (2015), para estimar las correlaciones entre diferentes miembros de 
familia: 1) gemelos criados juntos, 2) gemelos criados separados, 3) mellizos criados juntos, 4) 
mellizos criados separados, 5) madres y descendencia, 6) padres y descendencia. Cálculos 
sobre la semejanza familiar para la personalidad fueron .54 para la correlación intraclase para 
gemelos criados juntos, .45 para gemelos criados aparte y .26 y .28 para la agregación familiar. 
Este hallazgo corresponde a la conclusión de los metaanálisis previos, los cuales mostraron que 
el diseño de estudio es un moderador significante de la heredabilidad de la personalidad, y que 
los estudios de gemelos muestran cálculos más altos comparados con los estudios de familia y 
adopción. En continuación se resumen los hallazgos de los estudios de genética molecular 
sobre la personalidad y de la interacción entre genotipo y ambiente. Al final se ofrecen 
sugerencias para futuros estudios. 
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